INTRODUCTION
It is known that a piston is a most important part in an engine of a modern automobile. Currently, hyper eutectic silumins of various brands are used in Russia to fabricate pistons. The questions of increasing the quality of piston alloys were investigated by many researchers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The following demands are made to a piston: lightness, strength, ability to hold consid erable mechanical loads and thermal shocks, high wear resistance of working surfaces, and low friction at a minimally possible gap in a cylinder.
The reliability of a motor and its constituent parts is also an important criterion. Previously, the motor resource before the general overhaul was about 100000 km; now it is 250 000 km, and motor design ers are increasing it to 300 000 km and more. For conditions, new alloys of the piston group should be developed.
Foreign technologists successfully manage the increasing demands of the automobile industry. Piston alloys FM B2 and FM S2N excellently correspond to today's stated tasks. Pistons fabricated from these alloys are an order of magnitude better than domestic ones fabricated from AK12M2MgN, AK12MMgN, or AK10M2N alloys developed as far back as in the 1970s. Foreign analogs are smaller in size, lighter, higher strength, hold much larger mechanical and thermal loads, and possess very high wear resistance. Their prime cost is higher, since modification by vana dium, zirconium, and phosphorus is used in their pro duction, but this is quite justified.
A standard piston of an engine of the VAZ Russian car, which is smelted from the AK10M2N alloy, has a weight of 400 g. To perform the same functions, a pis ton made of the FM B2 alloy is almost twofold lighter, and its service life is longer by a factor of 2-3. This is mainly associated with the fact that foreign producers of aluminum alloys toughen the requirements for their chemical composition, decrease the ranges of varia tion of concentrations of principal elements, and reduce the content of harmful impurities. For exam ple, the concentration of elements in FM B2 alloy var ies as follows: silicon from 12.2 to 12.6%; zinc up to 0.10%; and the summary fraction of sodium, stron tium, and lithium should be no larger than 0.0020% (and each of them separately cannot exceed 0.0005%). Abstract-The main requirements for the quality of aluminum alloys of the piston group are considered. The quality of the primary and secondary AK12MMgN alloy fabricated in conditions of various Russian produc ers is analyzed using the data presented by enterprises interacting with RUSAL in questions of manufacturing this alloy. The main ways to optimize the chemical composition of the AK12MMgN alloy implemented in conditions of OAO RUSAL Novokuznetsk are considered and substantiated and it is shown that other piston alloys with the required level of operational properties can be fabricated based on the AK12MMgN alloy. It is revealed that the quality of the AK12MMgN alloy produced based on the secondary materials under defi nite manufacturing conditions is no worse that the quality of this alloy produced based on the primary mate rials. It is noted that, when manufacturing the secondary piston alloys, attention should be paid to their oblig atory modification in the liquid state (for example, by phosphorus) in order to approach the microstructure and level of properties in the cast state to alloys produced based on primary aluminum. Recommendations for enterprises, which allow one to produce AK12MMgN alloy with the required structure and chemical composition, are presented.
FOUNDRY

ANALYSIS OF THE STRUCTURE AND CHEMICAL COMPOSITION OF AK12MMGN ALLOY
According to GOST (State Standard) 1583 93, AK12MMgN alloy can contain from 11 to 13% sili con; up to 0.2% zinc; and concentrations of Ca, Li, Sr, and Na are not taken into account at all, although the negative effect of the latter (with their uncontrolled content) on the structure is proven.
Allowing for the above, Russian engine designers have started to improve the quality of alloys used when fabricating parts of motors. For example, standard AK10M2N alloy modified with sodium has been used recently at OAO AVTOVAZ (Tol'yatti). It was decided to elevate the upper boundary of the silicon content in this alloy, which should increase the alloy fatigue strength and lower the linear thermal expansion coef ficient.
Technologists at OAO UMZ (Yl'yanovsk) and OAO RUSAL Novokuznetsk, which produce various alloys for the Russian automobile industry, have also started to improve the operational properties of AK12MMgN piston alloy. In contrast with AK10M2N alloy, it has a wider concentration range of principal elements and considerably higher content of impurities; therefore, it is planned at the initial stage to decrease the variation range of the silicon content and modify the alloy with various components to reveal their optimal concentrations. Figure 1a shows the microstructure of AK12MMgN alloy with the chemical composition according to GOST 1583 93 prepared at OAO RUSAL Novokuznetsk using primary aluminum A7, crystal line silicon Kr 2, pig magnesium Mg90, and nickel N 1 or N 2 according to GOST 849 97. The main alloy structural component is presented by dendrites of the aluminum solid solution and Si + (Al) finely modified eutectic. The CuNiAl copper-nickel phase, which forms the eutectic with aluminum, is met in the form of plates. Figure 1b shows the microstructure of AK12MMgN based alloy prepared in similar condi tions (the range of varying the silicon concentration was decreased with the simultaneous increase in its upper limit to 12.4%) but modified with sodium, which was introduced into the melt in the form of cal cined soda in an amount of 30 kg of soda to 1 t of melt. It is seen that the alloy microstructure contains numerous particles of primary silicon, which is char acteristic of hypereutectic silumins.
An alloy fabricated based on AK12MMgN alloy (with an increase in the upper limit in regards to sili con) has increased fatigue strength, especially at a temperature of 350°C and above. The higher silicon content promoted an increase in stability to wear and scores. Characteristics of the new alloy completely correspond to requirements applied to modern piston alloys.
AK12M2MgN alloy with a copper content from 2.0 to 2.5%, which is currently produced by OAO RUSAL Novokuznetsk, is also of interest. Severe requirements to the content of alkali earth elements (Ca, Na, Li, Sr) are fulfilled for this alloy: no higher than 0.0010%. The grade of alloy porosity should not be higher than two.
Currently, specialists at OAO RUSAL Novokuz netsk continue complex investigations directed at an increase in the quality of piston alloys.
FABRICATION OF PISTON ALLOYS BASED ON SECONDARY FEEDSTOCK
All the above considered aspects are referred to piston aluminum alloys fabricated based on primary aluminum; however, foreign and domestic experience shows that the most effective direction for the econ 20 µm (a) (b) 20 µm omy of expenses in automobile production is a broad use of aluminum scrap. For example, the consump tion of electricity for the production of 1 t of alumi num alloys from secondary feedstock is tens of times smaller and that of feedstock is smaller by a factor of 2.4 than for the production of 1 t of alloys from pri mary aluminum. The production prime cost of such an alloy decreases by a factor of 1.5. These advantages led to the fraction of cast alloys smelted using alumi num scrap in developed countries reaching 80-85% of their total production volume. A comparison of secondary alloys with their ana logs made of primary materials shows that they are worse than the latter in regards to qualitative charac teristics because of the higher content of harmful impurities in them, first and foremost, nonmagnetic inclusions, as well as of iron, magnesium, zinc, tin, lead, calcium, and sodium.
Why do companies-producers of automobilesuse a secondary alloy rather than alloys made of pri mary aluminum in a large volume? The answer is rather simple and is conditioned by the fact that for eign specialists developed the production technology of parts based on scrap processing, during which all possible causes leading to the worsening quality of casts of secondary alloys are eliminated, thereby, their level of quality is the same as that of alloys made of pri mary aluminum while their advantage-a low prime cost-is retained.
The quality of secondary alloys produced at Rus sian enterprises leave a lot to be desired when com pared with foreign producers. Let us consider, for example, AK12MMgN alloy produced at various enterprises in Russia and intended for the production of pistons.
Secondary alloys AK6M2, AK12MMgN, AK9pch, and AK9s (AK9) are used at OAO UMZ in engine production. The main supplier of alloys is OOO TD KAMALKO (Krasnogorsk, Moscow oblast).
Secondary alloys AK7M2Mg, AK12MMgN, AK9, AK7, and AK12M3N, which are supplied mainly by the Podol'sk Plant of Nonferrous Metals, are used at OOO TD Dizel' MTS (Yaroslavl). The chemical analysis of the samples of AK12MMgN alloy pro duced by OOO TD KAMALKO and Podol'sk Plant of Nonferrous Metals was performed at the physical lab oratory of OAO RUSAL Novokuznetsk by agreement with specialists of OAO UMZ and OAO TD Dizel' MTS. Initially, it is required to evaluate the chemical composition of AK12MMgN alloy specified by these enterprises to their suppliers (Table 1) .
It is seen that the requirements for the chemical composition of AK12MMgN alloy at these plants are almost identical by principal components. However, a considerable difference is observed in impurities. For example, requirements for the level of iron and cal cium are tougher at OAO UMZ. The requirements for the level of titanium, zinc, lead, tin, and chromium impurities in the alloy are stipulated at OOO TD Dizel' MTS (according to GOST 1583-93).
Why are impurities of other elements so different at these two enterprises? This is associated mainly with the fact that the suppliers of secondary AK12MMgN alloy to the mentioned plants simply cannot deter mine and monitor these elements in it; therefore, when composing the regulations in which the chemi cal composition of supplied alloys should be stipu lated, these elements are specially omitted. However, even if limitations to the impurity level are stated at enterprises, they do not differ strongly from limita tions according to GOST 1583-89 for an exact exclusion.
For comparison, limitations to the impurity level in FM S2N piston alloy produced by Federal Modul (Germany) touch 12 elements (only eight elements in the Russian alloy). Qualitative limitations are also present for it. For example, the fraction of calcium, sodium, lithium, and strontium should be no larger than 5 ppm (0.0005%), while their summary content should not increase 0.0020%. Specialists from Federal Mogul are excellently informed on the negative influ ence of these elements to the fluidity of cast alloys; therefore, they demand very severe conditions in regards to the chemical composition from their suppli ers.
It should be noted that Russian suppliers do not always hold even more facilitated limitations in regards to the chemical composition of AK12MMgN secondary alloy. The results of a determination of the actual chemical composition of AK12MMgN alloy supplied to abovementioned enterprises are presented in Table 2 .
When comparing the chemical composition of AK12MMgN alloy produced by OOO TD KAMALKO with the specification of OAO UMZ, we can see that it is not held in regards to silicon (0.2% below the admissible one) and iron (0.16% above) contents. The level of calcium is in the admissible lim its, but its high content (0.015%) compared with FM S2N alloy, naturally, negatively affects alloy fluidity. AK12MMgN alloy produced by the Podol'sk Plant of Nonferrous Metals completely corresponds to TU (Technical Specifications) of OOO TD Dizel' MTS, but the calcium content in this alloy is also rather high-0.05%.
According to the conclusion of specialists of the physical laboratory at OAO RUSAL Novokuznetsk, the samples of AK12MMgN secondary alloy supplied to domestic engine plants turned out to be nonuni form. The presented chemical composition of these alloys is the arithmetic mean of a 12 parallel determi nation performed in identical reproducibility condi tions. Correspondingly, technologists at OAO UMZ and OOO TD Dizel' MTS will meet various problems when producing pistons of these alloys. Since the quality of alloys is nonuniform from party to party, then when producing ready wares, unexplainable overshoots by rejects will occur, which is also observed in principle now.
The appearance of numerous foreign produced automobiles in the Russian market, from both world leaders and various other producers, forced specialists in the Russian automobile industry to start gradually toughening their requirements for the chemical com position of alloys.
For example, OAO AVTOVAZ established limits in regards to calcium up to 0.002% for its alloy AK6M2. A similar limitation was done by technologists at OAO KAMAZ Metallurgiya (Naberezhnye Chelny) for AK9pch alloy.
Becoming familiar with the materials of investiga tions of fabricated alloy AK12MMgN, technologists at OAO UMZ and OAO RUSAL Novokuznetsk, allowing for toughened limitations in regards to alkali earth elements (Ca, Na, Li, Sr) to 0.0005% (no larger), agreed on a new chemical composition of AK12MMgN alloy, wt %: In addition to the acceptance of more severe limi tations in regards to impurities, attention was also paid to principal components. The joint solution on the tests of AK12MMgN alloy with an increased silicon content was accepted (which can allow us to increase the fatigue strength of an alloy and decrease the ther mal linear expansion coefficient of the ware). The sil icon content in the test party was increased from 12.0 to 12.5%. The phosphorus modifier was additionally introduced into the alloy. Phosphorus is also the mod ifier in a piston alloy (its content is stipulated from 0.0050 to 0.0120%), while the modifier in AK12MMgN alloy was completely absent.
A check of the test party of AK12MMgN alloy showed very satisfactory results. An increased silicon content was remained, but the modification with phosphorus (for industrial supplies) was rejected by the cause of increasing the alloy cost. The Al-P foundry alloy is produced in Germany and is very expensive. Unfortunately, the Russian foundry alloy, phosphoric copper Cu R10, does not gives the same results as the Al-P foundry alloy, and its introduction into alloy is associated with a constant risk to form the copper concentration in the melt above the required limit. Currently, pilot works on the development of Russian Al-P foundry alloy are performed and, possi bly, the pilot production of Al12MMgN alloy with the application of Al-P foundry alloy produced in Russia will be implemented before long.
A comparative analysis of microstructures of AK12MMgN alloy produced by OOO TD KAMALKO and Podol'sk Plant of Nonferrous Metals was also performed at OAO RUSAL Novokuznetsk (Fig. 2) . It is supplied by these enterprises in the form of pigs weighing up to 7 kg. The main structural com ponent of this alloy is presented by dendrites of the aluminum solid solution and Si + (Al) finely differen tiated eutectic, which positively affects the alloy fluid ity; the α phase enters the composition of the dis persed eutectic. However, the interdendrite porosity is presented in samples of both suppliers (it is shown in Fig. 2 by arrows) . This defect can lead to the formation of looseness in ready casts.
We can distinguish the FeNiAl 9 phase well in a form of rough plates (dark colored) under large magnifica tion (Figs. 2c, 2d) . This is associated with increased iron content in alloys prepared from aluminum alloys. This phase will negatively affect alloy fluidity. The CuNiAl 6 phase is presented in a form of fine platelet eutectic.
The analysis of fabrication technologies of alloys allowed us to reveal that, in order to provide their denser structure, the ready melt should be degassed with argon or nitrogen before pouring at the manufac turer with the simultaneous treatment by special fluxes with subsequent settling and slag removal. The melt should not be overheated before pouring into pigs, and the maximal pouring temperature is no higher than 700°C. When pouring the melt into molds, air-water cooling the molds can be used in order to accelerate the crystallization, which will positively affect the alloy structure. Nonmetallic inclusions should be additionally removed from the melt during pouring with the help of foam ceramic filters with a pore size no smaller than 20 ppm.
To reduce the iron content, 10 to 20% pigs of a ready alloy made of primary aluminum with a low iron content can be added into the charge at the enterprise where the alloy will be melted and poured into cast molds.
Based on the above, we can conclude that the enterprise for processing scraps and production of sec ondary alloys should supply alloys with no worse qual ity than alloys made of primary aluminum. For this purpose, in addition to usual remelting furnaces, the enterprise should have a line for the removal of iron parts from aluminum scrap, press for briquetting alu minum chips and small offcuts, and degassing and fil tration installations. Pouring conveyors should be equipped by systems of air-water cooling the pigs.
The enterprise laboratory should be equipped with a modern spectrometer allowing the rapid determina tion of the chemical composition of produced alloys, a microscope, and machines for preparing the samples for the performance of chemical, microstructural, and macrostructural analyses. The procedures should include hardware and software allowing one to evalu ate the spread of results of determining the chemical composition of alloys for a long time. The fact that the enterprise should dispose special ists able to use this equipment rationally, technologists that develop and support the manufacturing flowchart of alloy production at the appropriate level, and qual ified workers is very important.
CONCLUSIONS
The main aspects associated with the requirements for the quality of aluminum alloys of the piston group are considered. It is shown in conditions of OAO RUSAL Novokuznetsk that the AK12MMgN alloy, based on which other piston alloys with the necessary level of operational properties can be fabricated, is promising. As for the secondary piston alloys, the attention should be paid to their obligatory modifica tion (for example, with phosphorus) in order to approach their quality to alloys fabricated based on primary aluminum.
